INTRODUCTION
============

Class II malocclusion is a skeletal discrepancy that may be caused by maxillary protrusion, mandibular retraction must be replaced by retrusion. Class II subdivision malocclusions can be corrected through a variety of treatment protocols^[@r13]^. Different removable functional appliances have been used in growing patients to treat this malocclusion^[@r05],[@r06],[@r08],[@r19],[@r28],[@r30]^. Several studies have described positive effects with various functional appliances and have focused on their effects on skeletal and dental structures^[@r01],[@r02],[@r04],[@r11],[@r15],[@r16],[@r17],[@r18],[@r23],[@r25]^. However, functional appliances restrict the growth of the maxilla^[@r03],[@r10],[@r14],[@r21],[@r22],[@r26],[@r27]^and cause labial tipping of lower incisors^[@r03],[@r20],[@r29]^. Restriction of the maxilla and proclination of lower anterior incisors are the main disadvantages of such appliances.

Functional appliances have shown a significant diversity in design, which could easily affect their acceptance by the patients^[@r09]^.

A recently introduced appliance named \"the R-appliance\"^[@r12]^ is believed to cause no labial tipping of the lower incisors. However, there is another functional appliance named Anterior Inclined Bite Plane (AIBP), which is smaller and more comfortable for patients than the R-appliance.

As no comparisons between these two promising appliances were found in the literature, the aim of this study was to evaluate dentoskeletal changes achieved by the R-appliance^[@r12]^ in comparison with AIPB in Class II Division I patients in the mixed dentition phase.

MATERIAL AND METHODS
====================

This study consisted of 50 patients (22 boys, 28 girls) who were randomly assigned to two groups using a standard random number table. All subjects had to meet the following inclusion criteria:

1- ANB\>4º, SNB\<78º, overjet\>5 mm in the initial lateral cephalograms;

2- No syndromic or medically compromised patients;

3- No surgical intervention;

4- No use of other appliances before or during the period of functional treatment;

5- Normal growth pattern of the mandible (MP-SN);

6- Symmetric relationship between maxilla and mandible.

Twenty-five patients (13 girls, 12 boys) were randomly chosen to be treated with the R-appliance ([Figures 1](#f01){ref-type="fig"} and [2](#f02){ref-type="fig"}). The mean age was 10.4±0.8 years and the mean treatment time was 11±2 months. Patients were instructed to wear the R-appliances 18 hours a day. The R-appliance is a tooth and tissue borne appliance. It consists of buccal and lingual shields, which are connected to each other through the occlusal clearance during bite construction. These shields are extended to the distal of first molars and cover the buccal and lingual region and the depth of vestibule; however, the lingual shield should be fabricated with less undercut relief. This relief must be done as minimally as possible to allow appliance settlement easily. The right and left lower lingual shields are connected and reinforced with a heavy archwire to withstand the load of muscular activity (1 mm diameter). A heavy wire (1 mm diameter), which acts as a tongue bow, is positioned posteriorly to connect the right and left acrylic part on the palatal area in order to reinforce the appliance. Labial bow is constructed by a 0.7 mm wire extended from canine to canine with vertical loop on the canine area. In this group the construction bites were taken when upper and lower anterior teeth were brought edge to edge with 2 to 3 mm posterior clearance. Lateral cephalograms of R-appliance group were taken in centric occlusion at the onset (T~1~) and at the completion (T~2~) of functional treatment.

![R-appliance in patient's mouth](jaos-19-06-0634-g01){#f01}

![R-appliance](jaos-19-06-0634-g02){#f02}

The AIBP group consisted of 25 patients (15 girls, 10 boys) with mean age of 9±1.2 years, who were treated with AIBP. The treatment duration was 10±2 months. The patients were instructed to wear the AIBP for 18 hours a day. This appliance consists of a simple Hawley appliance with an inclined plane in the anterior region which causes the mandible to have forward position during closure ([Figure 5](#f05){ref-type="fig"}). Lateral cephalograms of AIBP group were taken at the onset (T ~1~) and after 18 months of observation (T ~2~).

![Pretreatment photograph of the patient](jaos-19-06-0634-g03){#f03}

![Posttreatment photograph of the same patient of [Figure 3](#f03){ref-type="fig"} treated by R-appliance](jaos-19-06-0634-g04){#f04}

![Anterior Inclined Bite Plate](jaos-19-06-0634-g05){#f05}

SNA, SNB, ANB, MP-SN, Ar-A (the distance between articulare to point A), Ar-B, (the distance between articulare to point B), Ar-Pog (the distance between articulare to pogonion), 1 to SN (angle between long axis upper central incisor and anterior cranial base), and IMPA (angle between long axis lower central incisor and mandibular plane) were measured in T~1,~ T~2,~ T ~1~and T ~2~. All measurements were made manually by one investigator. Twenty random cephalograms were selected and measured after 2 weeks, and there was no statistically significant difference among them.

Paired T-test was used for intra-group evaluation and the T-test was used for intergroup evaluation. Statistical significance was set at p\<0.05. The magnification factor of cephalograms was standardized at 7%. Statistical software of SPSS, Version 16 was used in order to examine the data.

RESULTS
=======

Paired T-test showed that in R-appliance group SNB, Ar-A, Ar-B, and Ar-Pog increased significantly. ANB showed a decrease of 2.5º±1.3º (p\<0.001). The change of SNA was non-significant. IMPA showed a decrease of 3.1º±4.7º (p\<0.01) ([Table 1](#t01){ref-type="table"}).

###### 

Pretreatment and post treatment measurements of R-appliance group

  Cephalometric Measures   Before Treatment Mean±SD   After Treatment Mean±SD   Changes Mean±SD   P Value
  ------------------------ -------------------------- ------------------------- ----------------- ---------
  SNA                      78.7±3.7                   79.3±3.9                  0.6±1.7           0.1
  SNB                      72.3±2.9                   75±3.2                    2.7±1.6           0.001
  ANB                      6.7±1.7                    4.2±1.3                   -2.5±1.3          0.001
  MP-SN                    36.1±5.7                   36.8±6.4                  0.7±2             0.1
  Ar-A                     85.9±6.2                   87.6±5.9                  1.7±3.2           0.02
  Ar-B                     90.9±5.5                   97±6                      6.1±3.6           0.001
  Ar-Pog                   99.2±7.1                   106.6±6.9                 7.4±4.3           0.001
  IMPA                     101.1±5.3                  98±5.9                    -3.1±4.7          0.01
  1 to SN                  105.6±5.6                  97.4±5.9                  -8.2±6.5          0.001

The same tests showed that in AIBP group SNB, Ar-B, and Ar-Pog had a significant increase. ANB decreased for 1.5±0.9 (p\<0.001). SNA had a non-significant increase and IMPA was increased for 0.1º±5.1º (p\<0.9) ([Table 2](#t02){ref-type="table"}).

###### 

Pretreatment and posttreatment measurements of Anterior Inclined Bite Plate (AIBP) group

  **Cephalometric Measures**   **Before Treatment Mean±SD**   **After Treatment Mean±SD**   **Changes Mean±SD**   **P Value**
  ---------------------------- ------------------------------ ----------------------------- --------------------- -------------
  SNA                          77.6±2.8                       78.1±2.8                      0.5±1.8               0.2
  SNB                          72.8±3.5                       74.3±3.6                      1.5±1.7               0.001
  ANB                          6±1.1                          4.5±1.2                       -1.5±0.9              0.001
  MP-SN                        36.5±6                         36.1±6.2                      -0.4±1.6              0.3
  Ar-A                         86.5±5                         87.7±4.8                      1.2±3                 0.1
  Ar-B                         90.9±5.7                       93.9±6                        3±3.8                 0.001
  Ar-Pog                       97.6±6.4                       101.5±6.2                     3.9±4.3               0.001
  IMPA                         97.2±11                        97.3±10                       0.1±5.1               0.9
  1 to SN                      102.7±5.5                      97.2±8.3                      -5.5±9.8              0.01

In intergroup evaluations T-test revealed that both SNA differences were nonsignificant; however, SNB, Ar-B and Ar-Pog differences were statistically significant. Same test showed that IMPA was decreased in R-appliance group, while it had an increase in AIBP group (p\<0.05) ([Table 3](#t03){ref-type="table"}).

###### 

Comparison of R-appliance and Anterior Inclined Bite Plate (AIBP) group measurements

  **Cephalometric Measures**   **AIBP Mean±SD**   **R-Appliance Mean±SD**   **P Value**
  ---------------------------- ------------------ ------------------------- -------------
  SNA                          0.5±1.8            0.6±1.7                   0.9
  SNB                          1.5±1.7            2.7±1.6                   0.02
  ANB                          -1.5±0.9           -2.5±1.3                  0.01
  MP-SN                        -0.4±1.6           0.7±2                     0.05
  Ar-A                         1.2±3              1.7±3.2                   0.6
  Ar-B                         3±3.8              6.1±3.6                   0.01
  Ar-Pog                       3.9±4.3            7.4±4.3                   0.01
  IMPA                         0.1±5.1            -3.1±4.7                  0.05
  1 to SN                      -5.5±9.8           -8.2±6.5                  0.3

[Figures 3](#f03){ref-type="fig"} and [4](#f04){ref-type="fig"} show the same patient before treatment and after R-appliance treatment.

DISCUSSION
==========

This study showed that both R-appliance and AIBP could successfully improve mandibular deficiency without causing headgear effect. Ar-B and Ar-Pog were increased more in R-appliance compared with AIBP. Consequently, further remodeling was achieved in R-appliance group. Lower incisors were flared in AIPB group, although they presented lingual tipping in R-appliance group. The maxilla did not show any restriction in either of the groups.

In order to get construction bite in R-appliance group the mandible was positioned anteriorly to achieve an edge to edge relationship parallel to the functional occlusal plane. The lingual shield of R-appliance was fabricated with less undercut relieve. This relief must be done as minimally as possible to allow appliance settlement easily. In order to avoid any potential trauma, all patients were recurrently instructed to move the mandible in forward position; However, the discomfort caused by no relieve in the lingual shield in R-appliance group, changed this compliance into an unconscious one in the long run. Due to activation of protractor muscles mandible would be kept in forward position and retractor muscles would not have any significant role to pull it back. This active protrusion has a favorable effect on the growth and remodeling of the mandible. In addition, this activation is effective in preventing headgear effect on maxillary complex and flaring of lower incisors. Mandibular closure might create excessive retracting force on the upper anterior teeth, which could be the rational reason for upper anterior lingual tipping during the treatment. In other words, the retracting force on the upper anterior takes place only at the beginning of mandibular closure. SNA might be decreased due to lingual tipping of upper incisors. However, the actual amount of SNA might be more than the resulted amount. Lingual tipping of the upper incisors can be corrected by re-torqueing, which will increase SNA.

Although R-appliance was successful in moving the mandible to a more forward position, it affected patient\'s speech and lateral jaw movement. Moreover, this appliance cannot be used in subjects with nasal obstruction. And patients do not easily adapt to this appliance because of its large size and unfixed position in the mouth. All these factors may lead to a decrease in patient\'s compliance. On the other hand, AIBP does not restrict the 3-dimensional mandibular movement and does not interfere with the regular physiological activity of oral cavity. These are great advantages for patients\' cooperation. An ideal functional appliance should be comfortable to patient, allow jaw movement, leave room for the tongue, provide skeletal rather than dental effects, and should be such that it could be used in subjects with nasal obstruction^[@r24]^.

Treatment mechanisms of R-appliance and AIBP are basically different from each other. In AIBP, the proprioceptive organ of periodontal space should be stimulated by occlusal contact in swallowing cycle. The proprioceptive sensory feedback mechanism synchronizes muscular activity and provides a functional stimulus to the full expression of mandibular bone growth in active phase. Active forward movement of mandible reaches its highest amount during swallowing, which is approximately 17.5 min a day. The unfavorable cuspal contacts of distal occlusion obstruct normal forward movement of the mandible. Therefore, the mandible does not achieve its optimum genetic growth position. AIBP disoccludes the mandible from its lock position and eliminates the growth restriction and keeps moving the mandible forward in rest position.

One of the shortcomings of this study is that the treated groups were not compared to a control untreated group with natural growth and development.

CONCLUSIONS
===========

The following conclusions can be drawn on the basis of the findings of this study:

1- R-appliance and AIBP will result in forward positioning of the mandible.

2- Both AIBP and R-appliance did not cause any headgear effect on the maxilla.

3- Unlike AIBP, R-appliance does not cause any proclination effect on the lower anterior teeth; moreover, it might even reduce the flaring of lower anterior incisors.

4- The smaller size of AIBP makes it more suitable for patients compared with R-appliance.

5- R-appliance showed to be more effective in mandibular advancement.
